Retroperitoneal soft tissue sarcomas are rare solid tumors that usually arise in the retroperitoneum or the pelvis. They are often large at presentation and push adjacent structures, displacing them, anatomically. The most common adult histotypes are liposarcoma and leiomyosarcoma. Five-year overall survival is less than 50 % and is mainly determined by the high incidence of local relapse and to a lesser extent by their capacity to metastasize. Radical surgery is still the most effective treatment. While an aggressive surgical policy consisting of multivisceral resections 'en bloc' with the mass has undoubtedly decreased, the rate of local recurrence, prognosis remains poor. Retrospective analyses and early prospective data suggest a benefit from using neoadjuvant radiotherapy in order to improve local control. Chemotherapy plays an important role in advanced disease, but very little evidence supports a real advantage in delivering it prior to surgery to make the resection more likely to achieve clear margins or postoperatively to decrease the risk of systemic recurrence. Further studies are required to explore the role of these neoadjuvant/adjuvant therapies, particularly in the context of new developments in molecular therapeutic agents.
and metastatic nodal lesions from germ cell neoplasms.
The clinical presentation of an RSTS is that of a large mass in the right or left retroperitoneal space that is able to push and dislocate the surrounding viscera and vessels, without showing an infiltrative pattern of growth. Initially, these neoplasms are asymptomatic or give rise to few symptoms causing non-specific abdominal discomfort or pain, and diagnosis is often late. If found early, it is usually because the patient has had imaging for other indications and the mass is found incidentally.
Over time, patients develop a palpable mass with a significant increase in volume and girth of the abdomen.
The diagnostic approach generally starts with a contrast-enhanced abdominal and thoracic computed tomography scan. This is usually enough to achieve complete oncologic staging. Positron emission tomography, magnetic resonance imaging, and bone scans are seldom required. A pre-operative percutaneous core biopsy, where possible, should be performed. The histologic diagnosis, together with the radiologic findings and the patient's performance status, should guide the multidisciplinary decision about the most appropriate therapeutic approach. An aggressive surgical policy, consisting of multiple visceral resection 'en bloc' with the mass, is still the most effective strategy to cure a primary retroperitoneal sarcoma. At the same time, a multidisciplinary approach, mostly based on pre-operative chemo-radiation therapy, is increasingly important in high-grade or unresectable RSTSs. 
Surgery
Surgery is the mainstay of treatment in localized disease. Local control is critical and largely depends on the quality of surgery. Anatomic constraints in the retroperitoneum limit the ability to achieve wide DOI: 10.17925/OHR.2012.08.1.65 resection margins and surgery is marginal by definition. Consequently, local recurrence is much more frequent than at any other anatomic site and is the leading cause of death. Long-term survival following resection of an RSTS is in the range of 30-50 % (see Table 1 ). [4] [5] [6] [7] [8] [9] [10] [11] [12] Some authors have advocated the widest possible surgical resection at presentation, although currently this is not universally accepted. In contrast to extremity soft tissue sarcomas, no clear definitions of surgical adequacy are available and recommendations are limited to the achievement of gross complete resection, with the need to resect adjacent organs only when there is direct involvement by tumor.
Recent retrospective analyses favor a more liberal approach reporting a greater than 70 % local control at five years. 13, 14 The surgical strategy consists of 'en bloc' resection of surrounding adjacent organs (i.e., loco-regional peritonectomy, resection of surrounding viscera, mainly kidney and colon, or psoas muscle if in close proximity to the tumor;
see Figure 1 ). This more liberal policy was shown to be associated with a decrease in five-year local recurrence rates from 49-28 %. 13, 14 This improvement was paralleled by an increase of five-year overall survival from 48-66 %.
The main problem in retroperitoneal sarcomas when compared with extremity sarcomas is that the surrounding normal tissues are more likely to be visceral structures rather than muscles. The dilemma is that the real concern about potential morbidity related to extended resections must be balanced against the probability of not achieving a negative pathologic resection margin.
Major morbidity of such an approach is reported to be close to 18 %, while the risk of mortality is around 3 %. These results are comparable to those following all other major abdominal operations. 15, 16 Surgery has a higher potential to cure low and intermediate grade tumors, since survival largely depends on local control. It seems rational that in tumors characterized by a less aggressive biology, more aggressive surgical strategies that achieve better short-to medium-term local control, will improve the ultimate prognosis but long-term follow-up is needed to confirm this. Among the different histologic subtypes, well-and de-differentiated liposarcomas do not usually develop distant metastases and appear those most likely to derive the greatest benefit from extended resections. Similar considerations could apply to solitary fibrous tumors, as well as for other rarer low-grade sarcomas. In contrast, high-grade tumors, such as leiomyosarcoma, have a more aggressive biology characterized by a higher tendency to metastasize. Therefore, local treatment should be complemented by systemic therapy.
In recognition of the fact that these tumors tend to recur, there has been increasing interest in the past decade in a multidisciplinary approach in order to decrease RSTS local relapse and improve long-term survival.
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Radiotherapy
Several prospective, randomized studies have demonstrated the effectiveness of post-operative radiotherapy (RT) in improving local control in limb and trunk STS. 19, 20 Based on these results, many investigators have combined RT and surgery in RSTSs in order to achieve the kinds of outcomes seen in extremity sarcomas.
The complexity of delivering radiation therapy in RSTSs is mostly due to the large volume that requires treatment and the proximity to critical uninvolved structures such as the bowel, kidney, uterus, liver, spinal RT and surgery documented a risk of local relapse at five years of 31 % compared with 36 % in patients that had surgery alone. 21 
Catton et al. in a retrospective analysis regarding prognostic factors in
RSTSs demonstrating that post-operative EBRT in doses >35 Gy, after complete surgery, delayed local recurrence. 22 The conclusions were that administrating RT postoperatively improved local control but at the expense of increased radiation-induced complications. 23 Paumier et al.
have shown, however, that it is possible to reduce the degree of radiation-related toxicity by using intensity-modulated RT (IMRT) instead of traditional EBRT in the post-operative setting. They conducted a prospective study recruiting 14 patients who had undergone complete surgical resection and administered adjuvant IMRT. The study showed mild acute toxicity, but longer follow-up is needed to evaluate late effects, particularly damage to the bowel and kidneys, and radiation-induced cancers. Intensity-modulated RT provides the opportunity to treat wide areas in the retroperitoneum that were previously impossible. 24 In an attempt to reduce complications due to post-operative RT, many sarcoma centers have tried a neo-adjuvant approach. This strategy is attractive for a number of reasons. First, irradiating the tumor may reduce its size and possibly decrease the number of organs that require resection with the tumor. Second, the field to be treated can be defined more accurately due to the presence of the tumor-the large mass present in the retroperitoneum displaces adjacent viscera and limits their RT-related toxicity. Finally, the tumor pseudocapsule may thicken when treated with RT, making surgical dissection easier and minimizing the risk of local relapse or peritoneal seeding (see Figure 2) .
The advantage of delivering radiation therapy preoperatively was first described when data were published from two combined single arms trials that explored the use of adjuvant EBRT in RSTSs. 25 Seventy-two patients were treated with pre-operative EBRT and complete surgical resection. Patients enrolled at the University of Toronto also received post-operative brachytherapy, while patients treated at the University of Texas received IORT and some received chemotherapy concurrent with pre-operative RT.
The majority of patients (89 %) completed the planned pre-operative RT and most (79 %) underwent surgery with a curative intent, with 95 % going on to have a radical resection. Five-years' local recurrence and disease-free survival were 60 and 61 % respectively. These survival rates compare favorably with historic data from patients with retroperitoneal sarcomas that were treated with surgery alone. Relatively low toxicity was reported for EBRT. Brachytherapy, however, was associated with major complications and treatment was interrupted in a number of cases. Concurrent chemotherapy required hospitalization in a small proportion (11 %) of patients and was generally well tolerated.
2, [21] [22] [23] [24] [25] Taken together, all these findings support the use of RT in the pre-operative setting. Further studies are needed to better investigate its use.
Chemotherapy
No trial addressing the specific role of chemotherapy in RSTSs has been ever conducted. Most of the available ones included all sites, the retroperitoneum being one of the less represented. This may be a potential limitation in extending the reported results to the retroperitoneum.
Fourteen randomized clinical trials, all comparing doxorubicin-based adjuvant chemotherapy regimens with no-treatment post-surgery, were pooled in a meta-analysis and published in 1997. This study, including a total of 1,568 patients, summarizes the evidence that emerged from the first-generation clinical trials employing doxorubicin-based protocols as an adjuvant in primary STS. 26 Its conclusions indicate that adjuvant chemotherapy, as given in these early trials, may provide an absolute relapse-free advantage in the order of 10 %, and a lower overall survival improvement, which in fact did not reach statistical significance despite the large sample size. Of interest, some degree of delay in relapse as well as a lower local failure rate was observed in several trials.
The limitations of these trials do not lie only in the chemotherapy regimen as patient selection was also important. Taken overall, these trials included STS at all sites, from the extremities to the uterus, all grades of malignancy, and all histologic subtypes (including a number of gastrointestinal stromal tumors, rendering adjuvant chemotherapy apparently less active in leiomyosarcoma). Clearly, the larger the trial, the more heterogeneous the patient population. In addition, the largest trials were performed by a high number of participating institutions, with possible inequalities in the quality of care, given the rarity of STS. In other words, in a rare, highly heterogeneous disease, the statistical precision tends to correlate directly with the homogeneity of patient populations and, possibly, quality of care. Consequently, a benefit in favor of adjuvant chemotherapy was seen mainly in the smallest trials, and one may view this with suspicion as possibly the result of publication bias. From the clinical point of view, however, it is equally true that the largest trials were also more heterogeneous and therefore less likely to allow detection of a benefit, if any.
An improvement in overall survival has been demonstrated in a single randomized trial, which involved an anthracycline (epirubicin) plus ifosfamide, although the trial had relatively short follow-up. 27 This overall survival benefit was confirmed in a recent meta-analysis 28 which also included three other recent trials of anthracycline plus ifosfamide, 27, 29, 30 although it excluded a major, negative, unpublished trial. 31 The survival benefit in the meta-analysis was limited but statistically significant (hazard ratio 0.77, p=0.01). This advantage has been also suggested in the recent Italian Sarcoma Group trial, comparing three versus five cycles of full-dose chemotherapy (combination of anthracycline and ifosfamide) in high-risk extremity and trunk wall STS. No difference was observed between the two arms but a better overall outcome was observed when compared to the nomogram prediction for the same population. 32 These data suggest that a more prolonged neoadjuvant chemotherapy treatment does not improve outcome and may be associated with increased toxicity.
Furthermore, some retrospective analyses have been published, in an attempt to address this issue from a different angle, given the difficulty in carrying out prospective randomized trials in such a rare disease.
The largest number of patients (674) Taken together, all these results suggest some role for chemotherapy, both in increasing local and distant control and thus improving outcome.
This benefit is however limited and varies widely among the different histotypes. This could potentially be extrapolated also for RSTSs.
Pre-operative Chemoradiation Therapy
In extremity STS, the administration of pre-operative chemotherapy and RT was associated to a better outcome in a large retrospective analysis. and RT was feasible in two-thirds of patients, while pre-operative RT could be completed in the majority (74/84).
While systemic chemotherapy can be added to RT where this is felt to be appropriate in clinical practice in RSTSs, we lack a formal proof that this is of any benefit. This is why a phase III clinical trial exploring the role of RT alone was recently activated in Europe (see Figure 3 ).
Conclusion
The standard approach to RSTSs is based on wide surgical excision, 
